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(54) CARBON MATERIAL AND ITS MANUFACTURE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a carbon material having a large specific surface area 
and a large mean grain diameter, allowing improvement of a function, allowing suppression of 
degradation of a characteristic accompanying the increase of the specific surface area, and 
advantageous in manufacturing an electrode, and to provide a manufacturing method therefor. 
SOLUTION: This carbon material for an electrode used together with a binder has a specific 
surface area of 0.1-900 m2/g and a mean grain diameter of 1-50 |am, while a graphitization 
degree of the carbon material in a range from a grain surface to the length of 1/4 or less of a 
grain diameter is higher than in a range from the grain center to the length of 1/4 or less of the 
grain diameter. The carbon material is formed by thermal plasma-treating raw material powder 
at 3,000-15,000° C under a pressure of 10-760 Torr for 0.001-10 sec in a reducing atmosphere 
or a reacting atmosphere. 
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a o 7 )V If -;Vx— f ;b © if T? & 5 0 

[0 0 6 5] Sfe, cri£><OT$tt¥fc&yBi±, *S1&T*3c> 

[00 6 6] COJ:5a^7 httfeb<l±~>— hm> 

[0067] «-se«atcfflv>6n*jfe«tt:«x 

20 ^«tt^;l/dTAH(D3S«1£dfA*HT'feoTJ:<. £ 
A bt «fc < , ±!3a@SOfr®tc^M^ -y h 
[0 0 6 8] m^M+^^->^fi:ti, 

[oo6 9] m.mm.^mtv-zi^ imm^-v^x^ 

[0070] TKSSJfioWPKiSiSofflSifcbrfflv^ 
7jcSEft*y "7 A, *IWb^hy!>As TK^ftTV^ 

xr>A*Hottat *{t*y>A. fflft-^-hy^A, « 

'J>7A. K^hy-7A, R«7^-7A4HOR» 

y -7AH:, *n j ensi«r'»**e»is^»6n*js-pw»!: 

[00 7 1] 7jcffi«[3fiOWBK?Sf*0»tt*4x 10-9 

40 oMxoKHTSifiaK-rsjifc^TffrSo — flstc 9 

[0 0 7 2] $7c, ^««S«3RO«B«»»*fflV^ t 

#ott^Ki:LT«. f h^xwy^-yWf h 

^y^VtX'JiOBF* I 04 i&m<Dm4 

tR*x»>A«, LiBF* , LiClOt , NaPFe 
3F<E>&S«&2. W*tfWBB¥l -2 5 8 4 1 0^$B 
so H(cfBK<Dfe©^W?»n^.o 



(8) 



0 0 0-223121 



13 



14 



[0 0 7 3] mmmmtLTte, &*0CDS*Ofc<DT*fc 

7-tb-hU;K i^^fW;VA75F> 1, 
fcttig^fctf #£ L^ 0 *f«l?g«0 2 5 °CT' 
[007 4] iUDi^ &*|gS&^Ott8¥Jt?f^;:*5tt 

i-mnK^zis^ o. 1-3^/ 1 fc-rn^^i/^o 
[0075] «^nag^-v/^v'^fcffii/v?>ns-{r^U' 10 

[0 0 7 6] *Jfc, hfctm #ux 

[0 0 7 7] *^tcfe^s*^— 

[0 0 7 8] 

<mmmi>mmmnthr. giOT<o7xy-/v 
mm (^^^sia^-y^xc, wia@3 0/im) » 



20 



ir\ mmmttmco ss^XY^frtLtn x^x 

vtfXfcteA r +H 2 ?M-&A*X (H2 1 4. 3%) ^rffi 
l/\ h— 9 u F ( lgPOffi*«4 0 OTorrhbfco 
^±2 MHz . SA«^3«4 0kWi:U 5 
g/raintbfcc X^X^SaiiBf F^i 2 ~ 3 f2>fc Lfc Q * 

[0 0 7 9] <^SS^Ij2>X^X-7^7.{Ct±A r+Nz 
tg-g-tfX (N2 1 4. 2%) £rJEl/\ ^rtSPOEft 
*4 0 OTorrfcLftflfite, *fi£#l 1 fclHttHcLT? jiy 

[0 0 8 0] <mmm3>^^X^iS7,icl,±A.r +Nz 
rl-&*"X (N2 1 4. 2%).£rfflV\ b— ^-rtgfl^JKj 
£20 OTorrfcUfd^i, §lfi£#!l 1 fclqlfltfC LT7i/ 

-^n^x^x-vaniiu Rsfi^^ffco 

[00 8 1] <i£&0!ll >^S£f?iJfc^C7xy-;l/^BI 

nzsh^ 1 1 o o°cT°3mm$mmisTmit 

bfcm. 2 6 0 0XTU BfBl&fflilU 

[0 0 8 2] <J±^j2>^^JfclRlU7xy-;HSBg 
N2»H«cf, 1 1 0 0TCT3BSIHJ»ffl3UTK{t 

[0 0 8 3] 1~3. tbSffill, 2<DKSIi£?<D 

B E TS®a^N2©«(C«t 5S!l3ebfco fOjgl(CO 

[0 0 8 4] 
Hi] 







(Torr) 






d(002) 
(A) 




Ar~H 2 


400 


85.2 


47 


S.444 




Ar-N, 


400 


93.6 


4B 


3.448 




Ar-N a 


200 


83.1 


46 


3.465 






0.303 


46 


3.456 






0.240 


48 


3.562 



40 

[0085] ^m^y^x^mm^i^rcmmm 1 ~3 
m*tf%.£>ntc 0 nmmi~3<Dm?^ nam 

1, 2©5&?fc|1^0¥iS3&?@f£o7c 0 OS 5, X^ 

xVjaa-r*cfc^ mmw-scMK, asp* 

[0 0 8 6] H«J 1~3. Jt«W 1 > 2 ©KjfiKTpte 
Ol^T, XHg (Cu-Ka) IsISt (XRD) fcfrofco 

c osgut uss^ij i ~ 3 <Dy^x-=rmm^tcmmm^T 

It. 20° ^20<25° K|faKKiR»!:6*-r*Xn so 



— FfcfcT— d- OWT, t°— i-Ifc^d) fc. 20 = 2 

6. 5 5° tcusmt^-re-* («t, tr-i-nfc^ 

^ffliH«2. 3 5° «TT*feofc 0 Sfc, 1100 
*C, 2 6 0 0 °C b fctfcSffU 1 H: tf- * 

-11*^^ <. 1 1 0 0°CT«IILfcJt$5CT2«DiK?T 

d (0 0 2) tc^-To 



O) 



2000-223121 



15 



16 



[0 0 8 7] ^{C, Cft&flDS^fcOl^TT EM CiSiS 
(A r -H2, 4 0 OTorr) &©Hfi&0!! 1 ©KiilM?© 
EM¥K£04, 5KijV3"o T E M^*fc:f3t,\T, ^ 

frS.JHKMl* 2 ©^fi^iOT E MWMX'lt^ tt? 
affiififii tt^ffiwSftF ■Pli*fVtf * 6 tiftfro fto 
HSS0IJ2, 3 0MXtt?OTEM9XICO<,-'T 

[0 0 8 8] «±©1S*J:?k *WH©KKBtt : ?»*» *a 

(*£*) fctf&^LT^&cfctfWfcfrteft^ 
ft„ JtK0V4>4Hrti. ±12© J: L ft 

[0 0 8 9] ^fiS^J 1 ~ 3 . JttfcMl. 2©1« 

ft„ S^at-KTKiBIBJfe^Sfe*^ *f, S?* 

SffifcAHtTlf— All fim T?l lM^FRSPBfcSy^L 
ft. fLT, *MB«ii»«:**r5 1 5 80a-' Wifioe 

— *fcjMB*fi©anfc:fi**"s i 3 5 ocm- 1 ttjfi©t? 

— ££©3&gJ£ (1 5 8 0cm- 1 /1 3 50a.- 1 ) fr>£>M 
iSffcg^i&fto ^<Diem*0 6^^-ro ftfe. ^fi£0!l 
1 flDKiBtt?*) HS£0!I 2 . 3 ©RJBtt^i: HSSOtS** 1 
f#?,nfto 

[0 0 9 0] Hffi^lJ 1 ~ 3<DU^H. 611? 
ItS© 1 / 4 , J6KI41/16 J-XF*3©ffl$ Ctt?+& 
SB) 5 . '5~6ujngfi) tU^BM^ 



?*Msao CBMifr&s. 5-6 jtm s«) k*jt 

f&Lfti:^ fctmWB*©**.. 1 5 

8 0cm- 1 {tJ£©fcT— 1 3 5 Ocm" 1 tfj&<D\f— ? £<0 
temtt ( 1 5 8 0cm- 1 / 1 3 5 0cm 1 ) 0$ 
t)s Jt&HtgtfiSfrofto HM0!ll~3©*l£fW:, 

[0 0 9 1] £ft, y^X-Wim (A r-H 2 . 4 0 0T 
orr) &©HSS0!l l ©«*tt?©Sfffi©j££3!W?WfS 
flt (S EM) ¥«^Jl»bfto 0 7 {Cfe^©»f®^i*© 

SEM?M, H 8 tell? efitiffl© S EM?X^ 13 9 
fciS? W^SP© S E M^fcjjVfo cn?>©¥*fr£>W 

ft. :/vXv$ai!Lftfc©te, ^iffllLfcfccJ: 
Jt^T, g®^£bHTfct), £iitfT?£Ti^fto ft 33, 
20 HSS0J2, 3<D^IS?OT EM¥*fc:o^Tfe, StSfc 

09 1 fcH«©^^#^nfto 

[oo9 2]iiMi~3, ammi, &©Ras«wc 

oi,vt\ 7]cffiHXSfe«tt)^?L^%S!lSbftt C5> M 

mm i ©i^**i?« 4 6 %. #is£092 ©KsRs&m± 5 4 

%, HSS09 3 ©RiMSWtt 5 5 %, Jtftffif 1 ©J^SM? 
tt 2 4 %, i£®09 2 ©KIBK^W: 2 8 %T*feo fto 

[0093] left. SS**x{t;S{i:<J; t>, H#£09i~ 
3, Mi- 2©IS9fi^?©ffi$%il^ftlSJRk:o<^ 
TS 2 
30 [00 9 4] 
[«2] 







fTorr) 


C 
(wt%) 


H 

(wt%) 


O 
(wt%) 


N 

(wt%) 






400 


99.51 


0.201 


0.249 


0.044 




At-N, 


400 


99.36 


0.187 


0.333 


0.116 




Ar-N, 


200 


99.70 


0.115 


0.119 


0.064 


ttl&eiii 


(110013, 2600^5^^) 


99.97 


0.010 


0.003 


0.013 




Uiotfcawaa) 


98.48 


0.307 


0.823 


0.3B6 



[0095] ^ft, ttt&ott^teoi^-rmafftBLts 

ST-fei.?c«a?Stcot/^Ti|iJSLft t C 5. 1 ~ 

3 <D®.=?-<Ol&mmt. 2©S?i:|5]^FT-fe 

•Pfto 

[0 0 9 6] <^SSP4>HSE^J1~3, JtSfiRJl. 2 

B E TSSi» 1 0 0m 2 /g. JpiSK? S3 0 fta ©it©? 
09 3 ©JJHR»?£ffl^T L ft. 

[0 0 9 7] tt^©ff» 



^SS0!l 1 ~ 3 » J±K0U 1 ~ 3 ©KHBB?»C»bTx 3^ 
itT'9 5 : 5t«:5J;^Cl^tfto COfi^UKWL 

m : ;VVif- *^MSJ±T8 2:9:9 i^{C® 

-a-uft 0 ^©ji^fc^fLTN-^^^trp 1 ; kv^ad 

so [0 0 9 8] CO«««ffla3B*^^^X^9I»lffiT 



(10) 



2 000-223121 



17 



18 



2 4mmX 2 4mmX 1 mm<E>f£ VffifC 2 OmmX 2 OmmCD® 

isu si'tjjisjtarFtefe^T 2 0 oict 1 KMit£ttir« 

fco *^T, 5 L ^vffif;:itglmniO^^>'1$^rX^^ h 
[0 0 9 9] ffi@#'S'DiffB 

01 l©-fe;Wi, jtf^Xlf— 1 ptycftUSffiS, 2*81 



10 



[0 1 0 0] fftB«3*±G»l 

^Kfitu l. i c 1 o< ziuommcm 

j»Ufcxf-Ui/*-*^-h (OTEC tBSfE) i:^* 
h (JMTDMCfcftIB) fcOS*JS»% 
fflvyfe (ECfcDMCOtMUtttl : 1) o *MSJsJ:r_f 
#Sffite»Uf-r>A*ffl^fco 3ttSt± lmAT*0V vsL i 
/L i *K:ft5$t»fft\ lmAT'3V vsL i /L 

£ ^FrJi»§» t 3 tc^-To 
[0101] 
[S3] 





77X7^ 


EE* 
(Torr) 


(mV S ) 


(Mm) 


(mAh/g> 


(mAh/g) 






400 


86.2 


47 


290 


35 




Ar-N a 


400 


93.6 


48 


280 


30 




Ar-N a 


200 


83.1 


46 . 


246 


28 






0.303 


45 


130 


13 


*fctt«2 


(llOOtflMffiW 


0.240 


48 


206 


35 


*t&0!3 




100 


30 


180 


20 



[0 10 2] ±IB<D*SJilJ: 9 , f»y^Xv4aSUfc*fg 

/jN?^Jt«gM3 0^«i^ «fc?>fcBit>»i,'»L J f>-r<. 18 30 
IlOM^T'ferJ fee 

[0103] mmi^m^mc =i/whmvw 

[0 10 4] <H*0!l 5 >H»« 1~3, Jfct&Wl* 2 
lt«W 1 ©RSRUfffcl&WLfc BETS® 

i8oom ! / g , f^sfio. 1 fin <Ditmm4<Dm 
[0105] MM^M!M£t±>12*MM 
1 0 MM % <D# V x h v 7 n if ix^Ssibn L Tig 

fCo tOi/- h#Om@|#|Sp£ltg6]ifflK JP2 0. 5mm 



7 -> L<D * ? 7 y {tifi^SiSSI k L It 1 U 

[0 10 6] a^ngJl^r-»/^'>»tOS¥ffi 
COi^tLtfWU^^*, 2. 4VT*5£it 
1 mAT*S«m«L-T»«^a^riS^fc 0 

[0 10 7] 
[S4] 



50 



(11) 



#PrB2 0 0 0-2 2 3 1 2 1 



19 



20 







(Torr) 


3E@Ef 
(m 2 /g) 


(izm) 




HE 




Ar-H 4 


400 


bp: o 
OS).* 


AT 


2.8 


U 




Ar - N 2 


400 


93.6 


48 


3.7 


O 




Ax-N x 


200 


83.1 


46 


2.6 


o 




(HOOTC, 2600^^3®) 


0.303 


45 


0.7 








0.240 


48 


1.2 




Jtiftfc)4 




800 
-» 


0.1 


1 


X 



[0 10 8] ±m<Dm%k£ K) > J»y9Xv«yiLfc*:« 

[0 10 9] JW±, H8&{RITH±, 
« g ftTSStt© 7x7 - ;l/«|Bteov^ T X^ XTjffll?: 

[0 110] 

C«Wo»S] JW±o±d(;:. *«W^J:titf, fct^® 

[0®<Dt8»&»JB.8] 

[0 1 ] *SKBK33«,^Tf»^^XTffl3lSrff d fc&fciffl 

[02] ]&?©MgHfc^f-0ffittffli«T-fc 8&x 

•7XvjaSLfC7i/-;l/«|g0^gP©TEM¥*^ 
[0 3] S?OH^Mt^-r0ffi^ffl¥*T'fe»3, ^x 

^ xv^asbfc^ i /-frmnvftrnm® t e mixt? 



[04] tt?eo|MBft%^-|SBffi«ffl^*T?fe?), S*X 
^XvJ&HLTc 7 1 y— ;b«ffi©it>j&WO T E M^*T 

[0 5] i4?©iMeft*^-rHffl«ffl^K-efe»)s »*x 

5 X^ffil L fc 7 x y -;l/»K©"*>£>ffi© T E M3?*T- 
[06] 9vvx^*h;l/fr&:fcfcfcffi?*rS©IMB<b 
20 [0 7] fi^#^^-0ffi{W¥XT*fe *K iXvX 

[0 8] ^*3t^^-r0®«ffl¥mTSo, a&x-5X 
[09] tt^wjss^-rHffiftffl^n-easDs ^X^x 

[01 0] ««ffc¥iW3£ffl-t7l'©«W«WtHT?a&*o 

30 [W^^iiB^] 

1 *7XH-A- 

2 ->'j3Vfe 

3 flUB« 

4 nm 

5 
6 
7 

1 0 

1 1 

40 1 2 

1 3 

1 4 

G p 

G s 



m 

x^xv*-x 
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MMii available COPY 
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[05] 




mm mm hm 



m^iP4>^g:B*ffi-Tgl3Sl^ x-f 

(72) mm he 

2i?«mo< tfmSS—T §807-104 
(72)f|B^# ft® ?¥-ei5 

^mSI«StSPHa0J^/IIWl594- 3 



F 4G046 CA04 CB05 CB08 CB09 CC02 

CC03 CC06 

5HO03 AA08 BAOO BA01 BB01 BB11 

BC01 BDOO BD02 BD03 BD05 

5H014 AA01 AA02 BBOO BB01 CC07 

EE08 HH01 HH02 HH06 HH08 



